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Objective: The objective was to examine the effect of temperature (28 ° vs 
36 ° C) during cardiopulmonary bypass on postoperative cognitive functions 
in a prospective, double-blind, and randomized manner. Methods: Sixty-two 
patients scheduled for coronary operations were randomized to warm or 
cold cardiopulmonary bypass. Preoperative and postoperative (7 days) 
neuropsychologic evaluations were performed by an observer unaware of 
cardiopulmonary bypass temperature. Results: Fifty-four patients com- 
pleted the study (cold bypass, n = 24; warm bypass, n = 30). Significant 
(p < 0.01) postoperative deterioration for tests of psychomotor coordina- 
tion and verbal memory was noted in both warm and cold groups, but no 
differences were observed between groups. Conclusion: Temperature during 
cardiopulmonary bypass for coronary operations does not influence post- 
operative cognitive function. (J Thorac Cardiovasc Surg 1997;114:123-8) 
C entral nervous system (CNS) dysfunction caused by cardiopulmonary bypass (CPB) is an impor- 
tant cause of morbidity and mortality. 1-3 Possible 
causes of CNS damage include microembolization, 
macroembolization, and inadequate cerebral perfu- 
sion.4, 5 Because hypothermia reduces cerebral me- 
tabolism, it has traditionally been assumed that 
hypothermia during CPB reduces the incidence or 
severity of CNS damage. 6 
There are at least three reasons to suggest hat 
the cerebral protective ffects of hypothermic CPB 
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may be limited. First, the events with a high risk 5 for 
microembolization and macroembolization (aortic 
cannulation, onset of CPB, end of CPB, aortic 
decannulation) do not occur during the hypothermic 
phase of CPB. One could argue, however, that the 
effects of emboli resulting from aortic cannulation 
and onset of CPB could possibly be attenuated by 
subsequent hypothermia inasmuch as hypothermia 
may be protective ven if instituted after the isch- 
emic insult. 7 Second, modest hypothermia (34 ° to 
35 ° C) frequently occurs during the surgical phase 
preceding CPB and may provide substantial protec- 
tion against ischemic damage. 7-9 Third, an arterial 
filter reduces the number of embolic events during 
CPB so drastically 5 that the need for the protective 
effect of hypothermia would be less. 
There are disadvantages associated with hypo- 
thermia. Cerebral hyperthermia may occur during 
rewarming and increase the risk of brain damage, a° 
Disturbances of coagulation, shivering, and in- 
creased oxygen consumption in the postoperative 
period are widely known complications of hypother- 
mia. 6 
Two groups have specifically examined the effects 
of CPB temperature on postoperative cognitive 
function. McLean and associates la studied 155 pa- 
tients (warm CPB > 34 ° C, n = 78; cold CPB -< 
28 ° C, n = 77) and found no difference between the 
warm and cold CPB groups. Mora and coworkers 12 
studied 138 patients (warm CPB - 35 ° C, n = 68; 
cold CPB < 28 ° C, n = 70) and reported a higher 
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incidence of postoperative central neurologic deficit 
for the warm group. The warm group also showed 
postoperative deterioration on the Digit Span Test. 
Factors that may account for the prevalence of 
neurologic events in the warm CPB group of Mora 
and coworkers 12 include difference in surgical tech- 
nique and blood glucose levels. Mora's group 12 
compared warm CPB with retrograde warm blood 
cardioplegia versus cold CPB with predominantly 
antegrade cold, crystalloid cardioplegia. In contrast, 
McLean and coworkers la used mostly antegrade 
cardioplegia for both warm and cold groups. Hyper- 
glycemia was more prevalent in the warm group in 
Mora's study, 12 and this may have increased the risk 
of CNS injury. 4' 13 In view of the above discrepancy, 
further examination of this problem is warranted. 
Methods 
Patients. After approval of the Ethics Committee of 
the Royal Victorial Hospital, 75 patients gave written 
consent for the study. Patients aged 40 to 70 years, whose 
native language was French or English, and who were 
scheduled for elective coronary revascularization were 
eligible. Exclusion criteria were prior cardiac surgery, 
history of cerebrovascular disease, severe systemic disease 
(e.g., pulmonary or hepatic disease or bleeding disorders), 
or a left ventricular ejection fraction of less than 0.40. 
The treatment order was randomized and each treat- 
ment assignment (cold vs warm) was placed in a sealed, 
sequentially numbered envelope. The perfusionist opened 
the envelope immediately before the operation. Thirteen 
patients were excluded before randomization: Unstable 
angina necessitating an urgent operation developed in six; 
seven were lost because of change in the planned proce- 
dure or last-minute schedule changes. Sixty-two patients 
were randomized (warm, n = 33; cold, n = 29). 
Neuropsychologic tests. Neuropsychologic assessment 
was performed 1 to 4 weeks before and 6 to 7 days after 
the operation. The evaluation included 12 tests and 
required 60 minutes. When available, another version of 
the test was used after the operation to diminish practice 
effects. 
To evaluate attention, concentration, and mental track- 
ing, we used the Digit Span Subtest (DIGS) of the 
Wechsler Adult Intelligence Scale-Revised (WAIS-R). ~4 
To assess conceptual and visuomotor tracking, as well as 
flexibility in shifting the course of an ongoing activity, we 
used the Trail Making Test (Part B) (TRMB). is The Digit 
Symbol Subtest (DSYM) of the WAIS-R was used to 
evaluate complex psychomotor performance. These tests 
are sensitive indicators of cerebral dysfunction regardless 
of the locus of the lesion. ~5 
Memory and learning for verbal material were assessed 
with the Associate Learning Task (Paired Words) and the 
recall of two short stories obtained from the Wechsler 
Memory Scale 16 in the immediate (IMPA, IMR1, IMR2) 
and delayed (DLPA, DLR1, DLR2) condition. Visual 
memory was evaluated with the delayed recall of the 
Rey-Osterrieth Complex Figure (DLRY). is 
Two other subtests of the WAIS-R were administered. 
The Information subtest (INFO), establishing the sub- 
ject's general knowledge, was included because it is ex- 
tremely resistant to the effects of brain injury and cogni- 
tive deterioration. It is therefore useful for establishing a 
person's premorbid ability. The Picture Completion 
Subtest (PICC) evaluates visual recognition and also 
requires visual organization and reasoning abilities, be- 
cause the subject must supply the missing part of the 
presented material from long-term memory. It correlates 
highly with the information subtest, in that it also tests 
remote memory and general information. 15 Visuospatial 
organization was evaluated with the copy of the Rey- 
Osterrieth Complex Figure (CORY). 15 Word fluency was 
assessed with the Control Oral Word Association Test 15 
(WDFL), used as an indicator of frontal lobe function. 
Anesthesia. In addition to their usual cardiac medica- 
tions, the patients received midazolam (0.07 mg• kg -1 
intramuscularly) 60 to 90 minutes before entering the 
operating room. After placement of electrocardiographic 
leads and a pulse oximeter, a peripheral intravenous 
cannula nd a radial artery catheter were inserted with the 
aid of local anesthesia. Anesthesia was induced with 
sufentanil (6 to 10 ~g. kg-1). Pancuronium (25 Ixg" kg -1) 
and vecuronium (75 /,g • kg -~) were given to facilitate 
tracheal intubation. The lungs were ventilated mechani- 
cally to maintain the end-tidal carbon dioxide tension at 
35 mm Hg. Anesthesia was maintained with boluses of 
sufentanil and midazolam. Enflurane was used to treat 
hypertension or tachycardia. A pulmonary artery ther- 
modilution catheter was inserted after tracheal intubation. 
Nasopharyngeal nd urinary bladder temperatures were 
continuously monitored and recorded every 5 minutes. 
CPB. A bubble oxygenator was used after being primed 
with 1.5 L of Ringer's lactate solution, 200 ml of 20% 
albumin, 20 gm of mannitol, and 5000 U of heparin. A 20 
/xm filter was placed on the arterial ine and a 40 Ixm filter 
on the inflow line of the cardiotomy reservoir. Heparin 
(400 U • kg -1) was given before aortic cannulation and 
incremental doses were administered to maintain the 
activated coagulation time, measured every 20 to 40 
minutes, above 480 seconds. For warm CPB, the nasopha- 
ryngeal temperature was maintained at 34 ° to 35 ° C. This 
temperature was chosen because mild hypothermia may 
79 1 protect against ischemia. - Flow rate was 2.4 L • rain- • 
m -2 for warm CPB. For the cold (28 ° C) group, the flow 
rate was 2.4 L .  rain -~ • m -2 at the beginning and end of 
CPB and 2.0 L • min -1 • m -2 during the hypothermic 
phase. The oxygen saturation of venous blood was mea- 
sured every 30 minutes and was maintained at 70% or 
above by increasing the flow rate or hemoglobin content 
(hematocrit value -> 0.20). During CPB, arterial pressure 
was kept between 50 and 100 mm Hg. If the pressure was 
below 50 mm Hg, phenylephrine was given. For mean 
arterial pressures above 100 mm Hg, boluses of sufentanil 
and midazolam were given. If these failed to lower the 
pressure, enflurane was added via the oxygenator. Re- 
warming began when the proximal vein graft anastomoses 
were started. The maximal temperature ofthe water in the 
heat exchanger was 39 ° C. The nasopharyngeal tempera- 
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ture never exceeded 37 ° C. Arterial blood gases were 
sampled at least every hour and maintained within normal 
limits by the alpha-stat method. Insulin was given if the 
blood glucose level exceeded 11 mmol • L -a. CPB for the 
cold group was terminated only after the bladder temper- 
ature reached 34.5 ° C. 
Surgical technique. The surgical technique for both 
patient groups involved median sternotomy, dissection of 
the internal thoracic artery, CPB with a cannula in the 
aortic root, and a single two-stage cannula in the right 
atrium. Antegrade cardioplegia was administered through 
an aortic root cannula and a multiport device inserted 
before the start of CPB. Once CPB was commenced, the 
aorta was crossclamped and the cardioplegic solution was 
infused. The aorta was crossclamped only once, for both 
distal and proximal anastomoses. No retrograde infusion 
of cardioplegic solution was used. 
Intermittent cold blood cardioplegia was used for all 
patients, except for six patients in the warm CPB group 
(all patients of surgeon D, Table I), who received contin- 
uous warm blood cardioplegia. The cardioplegic solution 
contained the following (in milliequivalents per liter): 
sodium 120, chloride 160, magnesium 32, calcium 2.4, 
bicarbonate 10, and potassium 100 or 30. After aortic 
erossclamping, cold blood cardioplegia (4°C) was 
achieved with a 4:1 blood/cardioplegia r tio, the car- 
dioplegic solution having a 100 mEq • L -1 concentration 
of potassium. The cardioplegic solution was infused until 
the heart was arrested. Then it was changed to a solution 
with a 30 mEq. L 1 concentration ofpotassium. Myocar- 
dial temperature measured in the interventricular septum 
was maintained below 15 ° C. Delivery of cardioplegic 
solution was interrupted periodically for completion of 
distal and proximal anastomoses or when ventricular 
distension became aproblem. With commencement of he 
proximal anastomoses, carried out last, the blood car- 
dioplegic solution was warmed to 37 ° C. 
In both groups, after completion of all anastomoses and 
evacuation of air from the aorta, the crossclamp was 
removed and the heart allowed to beat spontaneously. 
Defibrillation was carried out if necessary, and the patient 
was weaned from CPB. Once the patient was in stable 
condition after being weaned from CPB, protamine (1 
mg/100 U heparin) was administered. 
Postoperative neurologic assessments. Neurologic 
functions (level of consciousness, motor function, orien- 
tation, general behavior) were assessed by one investiga- 
tor (G.P.) 24 to 36 hours after the operation. 
Statistics. The patients' demographic and operative 
data were compared with t tests for independent samples. 
Analysis of variance with one grouping factor (CPB 
temperature) and one repeated factor (time: preoperative 
vs postoperative) was used to compare the neuropsycho- 
logic results. Because of significant differences in the 
durations of CPB and aortic crossclamping between the 
warm and cold groups, analysis of covariance with CPB or 
crossclamp duration as covariate was also used. In no 
instances did the outcome of the analysis of covariance 
appreciably differ from that of the analysis of variance. 
The outcome reported is that of the analysis of variance. 
The Mann-Whitney U test was used instead of a t test to 
compare the dose of phenylephrine during CPB because 
Table I. Operative data 
Warm CoM 
No. of CPBduration No. of CPBdura~on 
cases (rnin) cases (rnin) 
Surgeon A 17 71 11 90 
Surgeon B 6 58 4 84 
Surgeon C 1 84 6 94 
Surgeon D 6 82 3 80 
the variances were not homogeneous. X 2Tests with Yates' 
correction were used to compare proportions. The crite- 
rion for significance was 0.01. All differences at 0.05 level 
are nevertheless reported. Except for power calcula- 
tions, 17 all procedures were done with the program CSS: 
STATISTICA (version 3.1 for DOS; StatSoft Inc., Tulsa, 
Okla.). 
The sample size required for an 80% probability of 
demonstrating that the observed ifference between warm 
and cold CPB is significant at thep = 0.01 level (one-tail) 
for a given neuropsychologic test was determined as 
follows. The mean difference between postoperative and 
preoperative scores was computed separately for the cold 
(Acola) and warm (awarm) groups with the respective 
standard eviations. The difference to be evaluated was 
thus awarm - Acold. The pooled standard deviation 
(Spooled) 18 was used to estimate the population standard 
deviation. Following Cohen, iv we computed "d" as (A~arm 
- Aeo ld ) /Spoo led  and determined the sample size from 
Table 2.4.1 (page 54), using cubic spline interpolation of 
the table data. 
Results 
Fifty-four patients completed the protocol (warm 
CPB, n = 30; cold CPB, n = 24). Three patients from 
the warm group were excluded: One had a cerebro- 
vascular accident and two required reexploration for 
bleeding. Five patients from the cold group were 
excluded: Two required reexploration for bleeding; 
one refused postoperative assessment; one was not 
cooled sufficiently during CPB (32 ° C; only one graft); 
and one had an acute abdominal disorder in the 
postoperative period. None of the patients had a 
pefioperative myocardial infarction (defined as a new 
Q wave of 2 mm or more or a creatine kinase-MB 
fraction of more than 5%) and none died. 
The operative data and patient characteristics 
are shown in Tables I and II. The only variables 
that were significantly different between the 
groups were durations of CPB (18 minutes longer 
in the cold group) and of aortic crossclamping (14 
minutes longer in the cold group) and, predict- 
ably, temperature during CPB. The tendency to- 
ward longer CPB durat ion for the cold group was 
shown by three of the four surgeons. The differ- 
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Table II. Patient characteristics 
Warm Cold p Value 
No. 
Sex (M/W) 
Age (yr) 
Educational level (yr) 
Left ventricular ejection fraction 
No. of grafts 
Duration of CPB (min) 
Crossclamp time (min) 
Temperature before CPB (°C) 
Lowest temperature during CPB (°C) 
Temperature at end of CPB (°C) 
Glucose during CPB (mmol • 1-1) 
Dose of sufentanil (t~g" kg -1) 
Dose of midazolam (/xg. kg -1) 
Enflurane before CPB (No. of patients) 
Enflurane during CPB (No. of patients) 
Enflurane after CPB (No. of patients) 
Inotropic drugs in operating room 
Phenylephrine during CPB (No. of patients) 
Dose of phenylephrine during CPB (/xg) 
30 24 
27:3 23:1 0.772 
58.3 (8.7)* 55.9 (9.2) 0.330 
11.4 (4.1) 11.9 (3.6) 0.615 
0.52 (0.08) 0.55 (0.07) 0.129 
3.2 (0.9) 3.5 (1.2) 0.358 
71 (21) 89 (24) 0.004 
58 (19) 72 (21) 0.014 
35.2 (0.5) 35.3 (0.5) 0.382 
35.8 (0.4) 29.0 (1.2) 0.000 
36.3 (0.3) 36.3 (0.5) 0.950 
7.3 (2.0) 8.2 (3.6) 0.303 
9.9 (3.3) 9.9 (4.0) 0.971 
142 (82) 113 (57) 0.138 
21 18 0.919 
5 10 0.084 
11 6 0.534 
3 0 0.319 
13 7 0.284 
466 (559) 143 (79) 0.151 
n=13 n=7 
*Mean (standard deviation). 
ences between the mean CPB durations (cold vs 
warm) were 19, 26, 10, and -2 minutes for sur- 
geons A, B, C, and D, respectively. The differ- 
ences for the mean durations of aortic cross- 
clamping (cold vs warm) were 16, 26, 1, and -2 
minutes for surgeons A, B, C, and D, respectively. 
Because the average number of grafts was slightly 
larger in the cold group (3.5 vs 3.2 in the warm 
group), we computed the duration of crossclamp- 
ing per graft to eliminate the possible confound- 
ing effect of the number of grafts. The mean 
durations of aortic crossclamping per graft were 
(mean [standard deviation]) 21.8 (5.8) and 18.2 
(3.4) minutes per graft (p = 0.006) for the cold 
and warm groups, respectively. The average dose 
of phenylephrine for the warm group was more 
than three times as large as that for the cold 
group. The difference did not reach significance 
because of the small number of patients and 
because the high value for the warm group is 
mainly attributable to three patients who received 
700, 1000, and 2100/xg of phenylephrine. 
The results of the neuropsychologic tests are 
shown in Table III. The analyses of variance yielded 
no significant effect of temperature (pvalue ranging 
from 0.21 to 0.95) and no significant interactions (p 
value ranging from 0.11 to 0.96). The only significant 
differences concerned the time factor (before vs 
after the operation). A significant (p < 0.01) im- 
provement in performance was observed with the 
INFO, PICC, IMR2, and DLRY tests, and an 
increase in performance on the WDFL test ap- 
proached significance. Significant performance de- 
terioration occurred only with DSYM and IMPA, 
and a decrease in performance approached signifi- 
cance with DLPA. The numbers of patients who 
showed deterioration of one or more standard e- 
viations on at least one test were 16 (67%) and 20 
(67%) for the cold and warm groups, respectively. 
For a deterioration of two standard deviations or 
more, the numbers are nine (38%) for the cold 
group and 11 (37%) for the warm group. 
Discussion 
We found no difference in postoperative cognitive 
function between the warm and cold CPB groups. 
Postoperative deterioration of psychomotor function 
(DSYM) and memory (IMPA) was similar in the two 
groups. 
Overall, these results are in agreement with the 
study of McLean and colleagues, n who also doc- 
umented a clear postoperative deterioration with 
the DSYM test, but no difference between pa- 
tients receiving warm CPB and those receiving 
cold CPB. As reported by McLean's group, some 
test results showed postoperative improvement, 
probably resulting from practice effects. A few 
differences in the pattern of postoperative deficits 
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Table III. Results of neuropsychologic tests 
Test Group Preoperative Postoperative Outcome 
INFO Warm 18.3 (6.0)t 19.6 (6.1) I (0.000) 
Cold 19.8 (5.2) 21.2 (5.5) 
PICC Warm 15.1 (3.1) 16.0 (3.2) I (0.001) 
Cold 14.8 (2.4) 15.9 (3.3) 
DIGS Warm 14.4 (4.7) 14.6 (5.0) NS (0.869) 
Cold 14.6 (4.7) 14.6 (4.7) 
DSYM Warm 44.3 (11.7) 41.1 (11.0) D (0.008) 
Cold 41.9 (8.0) 40.7 (8.7) 
IMRI* Warm 10.3 (3.2) 9.3 (3.3) NS (0.387) 
Cold 10.3 (3.8) 10.6 (3.3) 
IMR2* Warm 8.4 (3.6) 9.5 (2.8) I (0.003) 
Cold 8.6 (3.5) 10.1 (3.8) 
DLRI* Warm 7.2 (3.6) 7.5 (3.4) NS (0.087) 
Cold 6.9 (3.7) 8.3 (3.4) 
DLR2* Warm 6.5 (3.8) 7.1 (2.8) NS (0.079) 
Cold 6.4 (3.4) 7.4 (3.5) 
IMPA* Warm 13.9 (3.6) 13.1 (3.1) D (0.006) 
Cold 15.4 (3.3) 13.5 (4.1) 
DLPA* Warm 8.1 (1.4) 7.2 (2.0) D (0.012) 
Cold 8.3 (1.5) 7.8 (2.2) 
CORY* Warm 26.9 (3.1) 26.8 (3.0) NS (0.619) 
Cold 25.8 (3.5) 26.4 (3.2) 
DLRY* Warm 15.7 (5.9) 19.0 (4.7) I (0.000) 
Cold 14.5 (4.3) 17.1 (5.6) 
WDFL Warm 29.4 (10.7) 30.9 (10.8) I (0.032) 
Cold 32.0 (9.3) 34.7 (9.1) 
TRMB Warm 103 (45) 95 (35) NS (0.109) 
Cold 104 (37) 97 (37) 
Outcome compares preoperative with postoperative scores for warm and cold CPB groups combined./, Improvement; D, deterioration; NS, not significant. 
The figures in parentheses are the p values for the time factor of the analysis of variance. CORY, Copy of Rey-Osterrieth Complex Figure; DIGS, Digit Span 
Subtest; DLPA, Delayed Recall Associate Learning Task (paired words); DLR1, Delayed Recall Short Story No. 1; DLR2, Delayed Recall Short Story No. 
2; DLRY, Delayed Recall of Rey-Osterrieth Complex Figure; DSYM, Digit Symbol Subtest; IMPA, Immediate Recall Associate Learning Task (paired words); 
IMR1, Immediate Recall Short Story No. 1; IMR2, Immediate Recall Short Story No. 2; 1NFO, Information Subtest; PICC, Picture Completion Subtest; 
TRMB, Trail Making Test (Part B); WDFL, Word Fluency Test (Control Oral Word Association Test). 
*Tests for which different versions were used for preoperative and postoperative testing. 
tMean (standard deviation). 
between the two studies deserve comment. 
McLean and associates 11 noted an improvement 
in a test of verbal memory (Buschke tests), 
whereas we found a deterioration (IMPA). The 
use of different versions of equivalent tests for 
preoperative and postoperative evaluation for 
IMPA may have helped bring out the deficit. 
Furthermore, McLean's group 11 found a deterio- 
ration with the TRMB, whereas we did not. 
Like Mora and coworkers, a2 we noted significant 
postoperative deterioration of psychomotor func- 
tion (DSYM) and of verbal memory for patients in 
both the warm and cold CPB groups. We observed 
no change in the Digit Span Subtest (DIGS), 
whereas Mora's group 12 reported a mild but signif- 
icant postoperative deterioration that occurred only 
in the warm group. 
Failure to demonstrate a significant difference 
between warm and cold CPB raises the issue of 
statistical power. The issue is perhaps best ad- 
dressed by examining the two tests that reveal a 
significant deterioration, DSYM and IMPA. The 
deterioration was more pronounced for the warm 
group with DSYM. According to the IMPA results, 
the deterioration was worse for the cold group. This 
argues against a clear superiority for either temper- 
ature. Nevertheless, the number of patients in each 
group required to detect the observed difference 
between the warm and cold group with a power of 
0.80 at the 0.01 level (one-tail) is 180 for DSYM and 
205 for IMPA. 
The longer CPB duration (18-minute difference) 
in the cold group deserves comment. This longer 
duration is largely attributable to the longer dura- 
tion of aortic crossclamping (14-minute difference). 
It is difficult to explain this difference, which cannot 
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be accounted for by a failure of randomization (i.e., 
slower surgeons being assigned more cold CPB 
cases) or by a difference in the number of grafts. 
Despite the documented association between pro- 
longed CPB and increased incidence or severity of 
CNS dysfunction, 4 the present difference had no 
discernible impact on neuropsychologic outcome. 
The results remained unchanged when the durations 
of CPB and of aortic crossclamping were included as 
covariates in the analysis. 
Our study has several limitations. It is based on a 
small sample of patients with a low risk of complica- 
tions. We have excluded patients with a history of 
cerebrovascular disease or severe systemic disease to 
keep our sample homogeneous. For that reason we 
also excluded patients who required reexploration for 
bleeding. We have examined only the early postoper- 
ative period because of limited resources. Because the 
incidence and severity of neuropsychologic dysfunc- 
tion invariably decreases with time, TM 12,19 the likeli- 
hood that a late assessment would reveal differences 
not seen on the early assessment is extremely small. 
Surgeon C had predominantly cold CPB cases (six of 
seven cases). This imbalance could have been pre- 
vented if a randomization sequence had been pre- 
pared for each surgeon. The patients from surgeon C 
were not excluded because the randomization protocol 
had not been violated. The use of bubble oxygenators 
was dictated by institutional practice. There is no 
evidence that membrane oxygenators improve cogni- 
tive outcome, despite their ability to reduce microem- 
bolic events, z° 
We conclude that temperature during CPB does 
not influence postoperative cognitive function. 
We thank J. Sampalis, PhD (Department of Epidemi- 
ology and Biostatistics, McGill University), for advice on 
statistics; the perfusionists of the Royal Victoria Hospital, 
the staff of the Department of Anaesthesia nd of the 
Surgical Intensive Care Unit for their collaboration with 
this study; and S. Caney for typing the manuscript. 
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